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© In a channel assignment method for a mobile 
rr>mmi;niration system, each of base stations re- 
srvtrtivoly arranged in a plurality of cells constituting 
a sorvico area selects one of all speech communica- 
tion channels in an order of priority common to all 
the co is in response to a speech communication 
request from a mobile station. The base station then 
checks whether the carrier to interference ratio of the 
selected speech communication channel is equal to 
or higher than a predetermined level. The selected 
channel is assigned as a speech communication 
channel for the cell when it is determined on the 
basis cl the check result that the carrier to interfer- 
ence ratic is equal to or higher than the predeter- 
mined ovcl. 
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The present invention relates to a channel as- 
signment method in a cellular mobile communica- 
tion system. 

In a large-capacity mobile communication sys- 
tem such as a cellular mobile communication sys- 
tem, a service area is covered by a plurality of 
cells, each of which is covered by a base station, 
and the same frequency channel is reused by the 
base stations between which no interference oc- 
curs, thereby realizing the effective use of fre- 
quencies. Such a scheme is called a cellular 
scheme. 

Methods of assigning channels to be used by 
the respective base stations are roughly classified 
into two methods. In _ne method, channel assign- 
ments are fixed to the respective base stations so 
as not to cause interference on the basis of the 
predictive results of propagation characteristics. 
This method is called fixed channel assignment 
and is generally used in the existing mobile tele- 
phone systems. The other method is called dy- 
namic channel assignment in which a channel is 
selected for every communication so as not to 
cause interference. Although the control scheme 
and the apparatus arrangement are complicated, 
the dynamic channel assignment allows free use of 
channels as long as interference is prevented. This 
method, therefore, can accommodate more sub- 
scribers than the fixed channel assignment method. 
For this reason, the application of the dynamic 
channel assignment method to an automobile tele- 
phone system has been studied. 

In the dynamic channel assignment method, 
various schemes have been proposed as algo- 
rithms for selecting channels. Especially as a 
scheme with high efficiency of frequency use, a 
flexible re-use scheme is known (Syuji Yasuda and 
Seizo Onoe, "Mobile Communication System", 
Japanese Patent Laid-Open No. 2-141036, and 
Seizo Onoe and Syuji Yasuda. "Flexible Re-use for 
Dynamic Channel Assignment in Mobile Radio 
Systems", Conference Record of IEEE ICC 89, 
Boston, June 1989). In this scheme, as shown in 
Fig. 22, all free channels are sequentially selected 
(steps S2200 to S2206). The carrier to interference 
ratios (to be referred to as the CIR values 
hereinafter) of downstream and upstream commu- 
nication are obtained by selecting in order each 
free channel in a self-zone, moreover the CIR val- 
ues of upstream and downstream communication 
of which the channel has already used in another 
zone which has already used the channel are ob- 
tained (steps S2201 and S2202). Thereafter, a 
channel in which each CIR value equal to or larger 
than the value of a required level and the average 
value of the CIR values is minimum is assigned 
(steps S2207 and S2208). With this processing, the 
repetition distance of the same frequency is short- 



ened to improve the frequency re-use efficiency. 

In the above-mentioned flexible reuse scheme, 
in order to preferentially assign speech commu- 
nication channels having small CIR margins, the 

5 CIR values of all the free speech communication 
channels in a self-zone and another zone are mea- 
sured, each measurement result is compared with 
a required CIR level, and the average value of the 
CIR values is calculated, thus requiring compli- 

10 cated processing. 

Even if a given channel satisfies required CIR 
values at the start of speech communication, when 
the carrier or interference level varies upon travel- 
ing of a mobile station, the channel may not satisfy 

75 the required CIR values. Such a phenomenon is 
conspicuous in a system for assigning channels 
having the minimum CIR values in order to improve 
the frequency use efficiency. If the required CIR 
values cannot be satisfied, a deterioration in signal 

20 quality occurs, resulting in failure in speech com- 
munication. 

It is an object of the present invention to pro- 
vide a channel assignment method for a mobile 
communication system, which can achieve high 
25 efficiency of frequency use without performing 
complicated processing. 

It is another object of the present invention to 
provide a channel assignment method for a mobile 
communication system, capable of suppressing a 
30 deterioration in signal quality which is caused by 
interference. 

It is still another object of the present invention 
to provide a channel assignment method for a 
mobile communication system, which is not easily 
35 influenced by third-order intermoduiation. 

In order to achieve the above objects, accord- 
ing to the present invention, there is provided a 
channel assignment method for a mobile commu- 
nication system, comprising the steps of causing 
40 each of base stations respectively arranged in a 
plurality of cells constituting a service area, in 
response to a speech communication request from 
a mobile station, to select one of all speech com- 
munication channels in an order of priority common 
45 to all the cells, causing the base station to check 
whether a carrier to interference ratio of the se- 
lected speech communication channel is not less 
than a predetermined level, and assigning the 
channel as a speech communication channel for 
50 the cell when it is determined on the basic of the 
check result that the carrier to interference ratio is 
not less than the predetermined level. Embodi- 
ments of the present invention will be described 
below with reference to the accompanying draw- 
55 ings, in which 

Fig. 1 is a flow chart for explaining the process 
of control performed by a base station which 
executes a channel assignment method of the 
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present invention and, more particularly, an em- 
bodiment of channel assignment control pro- 
cessing with respect to a speech communication 
request; 

Fig. 2 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, an em- 
bodiment of channel switching control with re- 
spect to a currently used speech communication 
channel; 

Fig. 3 is a flow chart for explaining the process 
of control performed by the base station which 
execute the channel assignment method of the 
present invention and, more particularly, an em- 
bodiment of control processing for updating the 
first and third levels; 

Fig. 4 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, another 
embodiment of the control processing for updat- 
ing the first and third levels; 
Fig. 5 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, still an- 
other embodiment of the control processing for 
updating the first and third levels; 
Fig. 6 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, an em- 
bodiment of control processing for updating the 
second level; 

Fig. 7 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, another 
embodiment of the channel switching control 
with respect to a currently used speech commu- 
nication channel; 

Fig. 8 is a flow chart for explaining still another 
embodiment of the control processing per- 
formed by the base station which executes the 
channel assignment method of the present in- 
vention; 

Fig. 9 is a flow chart for explaining still another 
embodiment of the control processing per- 
formed by the base station which executes the 
channel assignment method of the present in- 
vention; 

Fig. 10 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, an em- 
bodiment of control processing for updating the 
fourth level; 
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Fig. 11 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, another 
5 embodiment of the control processing for updat- 

ing the fourth level; 

Fig. 12 is a view showing an arrangement of 
radio speech communication channels on the 
frequency axis which are assigned by the chan- 

io nel assignment method of the present invention; 

Fig. 13 is a view showing an arrangement of 
radio speech communication channels in base 
stations which are assigned by the channel as- 
signment method of the present invention; 

75 Fig. 14 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, another 
embodiment of the channel assignment control 

20 with respect to a speech communication re- 
quest; 

Fig. 15 is a flow chart for explaining the process 
of control performed by the base station which 
executes the channel assignment method of the 
25 present invention and. more particularly, still an- 
other embodiment of channel assignment con- 
trol with respect to a currently busy mobile 
station; 

Fig. 16 is a flow chart for explaining the process 
30 of control performed by the base station which 
executes the channel assignment method of the 
present invention and, more particularly, another 
embodiment of the channel assignment control 
with respect to a currently busy mobile station; 
35 Fig. 17 is a flow chart for explaining still another 
embodiment of the control processing per- 
formed by the base station which executes the 
channel assignment method of the present in- 
vention; 

40 Fig. 18 is a flow chart for explaining still another 
embodiment of the control processing per- 
formed by the base station which executes the 
channel assignment method of the present in- 
vention; 

45 Figs. 19A to 19D are views respectively showing 
the orders of selection of speech communication 
channels in the channel assignment method of 
the present invention; 

Figs. 20A and 20B are views respectively show- 
so ing the orders of selection of speech commu- 
nication channels in the multi-carrier type TDMA 
scheme according to the present invention; 
Fig. 21 is a view showing an arrangement of a 
mobile communication system; and 
55 Fig. 22 is a flow chart for explaining a conven- 
tional flexible reuse scheme. 
Fig. 21 shows the arrangement of a mobile 
communication system using a channel assignment 
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method according to the present invention. This 
mobile communication system includes an ex- 
change, 1200, a plurality of base stations, e.g., base 
stations 1201 and 1202, and a plurality of mobile 
stations, e.g., mobile stations 1203 and 1204. The 
base stations 1201 and 1202 are respectively cov- 
ering cells 1205 and 1206. Reference symbols 
Dup, Uup, Ddown, and Udown respectively denote 
an upstream carrier level in the base station 1201, 
an upstream interference level in the base station 
1201, a downstream carrier level in the mobile 
station 1203. and a downstream interference level 
in the mobile station 1203. When a speech com- 
munication request is generated in the mobile sta- 
tion 1203 existing in the cell to which the base 
station 1201 belongs, a speech communication 
channel is selected and used, in which an up- 
stream CIR value (Dup-Uup) in the base station 
1201 and a downstream CIR value (Ddown-Udown) 
m tne mobile station 1203 are equal to or larger 
man thn values of predetermined levels, respec- 
I vo y 

Fig. 1 shows the process of control performed 
by a base station which executes the channel as- 
sigrmcnt scheme of the present invention and, 
more particularly, an embodiment of channel as- 
sigrment control to be performed in response to a 
speech communication request. Assume that the 
base station periodically receives and stores an 
upstream interference level Uup(i) of a free speech 
communication channel, and that transmission 
power P MS of the mobile station and transmission 
power P BS of the base station are known. 

When a speech communication request is gen- 
erated, ihe reception level of an outgoing call re- 
quest signal (when an outgoing call is to be gen- 
erated by the mobile station) or an ACK signal 
(when an incoming call is received by the mobile 
stat om supplied from the mobile station through a 
control channel is stored, as the upstream carrier 
level Dup. in the base station (step S100). A value 
obtained by subtracting the level Dup from the 
t-ansmisson power P MS is set as a propagation 
loss L between the base station and the mobile 
stat on <s*ep SiOl). Since it can be assumed that 
reversibility is established between upstream and 
downstream communication lines and the two lines 
have the same propagation loss L, the downstream 
earner level Ddown in the mobile station can be 
obtained by subtracting the propagation loss L 
from the transmission power P B s (step Si 02). 
Since the desired signal level Dup and Ddown are 
obtained, the base station is ready to start search- 
es First, a speech communication channel priority i 
is set lu ~1~ (step S103), and it is checked whether 
a fust pnurily channel U\ is free (step S104). If the 
channel tt\ is free, a value obtained by subtracting 
an interference level Uup(1) of the speech commu- 



nication channel #1 from the level Dup, i.e., the 
upstream CIR value, is compared with a first level 
LV1 (step S105). If the upstream CIR value is equal 
to or larger than the value of the first level LV1 , the 

5 base station instructs the mobile station to measure 
an interference level Udown(1 ) of the speech com- 
munication channel #1, and receives the result 
from the mobile station (step S106). A value ob- 
tained by subtracting the level Udown(1) from the 

w level Ddown, i.e., the downstream CIR value, is 
then compared with the first level LV1 (step S107). 
If the downstream CIR value is also equal to or 
larger than the value of the first level LV1, the 
speech communication channel #1 is assigned in 

75 response to the speech communication request 
(step S108). If the speech communication channel 
#1 is currently busy, or the upstream or down- 
stream CIR value of the speech communication 
channel #1 is less than the value of the first level 

20 LV1, the priority i is incremented by one to select a 
channel #2 corresponding to the second priority 
(step S1 10). Subsequently, steps S104 to S107 are 
repeated in the same manner as described above, 
thus performing interference condition determina- 

25 tion. If such determination is performed with re- 
spect to a last speech communication channel #n 
(step S109) and no usable speech communication 
can be found, a call loss is determined (step 
S111). 

30 That is, in the present invention, since there is 

no need to perform complicated processing, e.g., 
calculating the average CIR values of all the free 
channels in a self-zone and another zone and se- 
lecting a channel having the minimum average CIR 

35 value, speech communication channels are 
searched in a fixed order. In this case, the fre- 
quency use efficiency is improved by setting the 
same order of selection of speech communication 
channels in all the cells instead of changing the 

40 order of selection in units of cells. The reason for 
this improvement will be described below. Assume 
that a total of n speech communication channels 
exist, and that speech channels with higher priority 
#1 are preferentially selected in each cell. In such 

45 a case, the frequency in use of a speech commu- 
nication channel is gradually increased from the 
channel with priority #n to the channel with priority 
#1 . Therefore, even if the interference level of each 
free speech communication channel is measured in 

so any one of the base or mobile stations, it is ob- 
served that the interference level tends to decrease 
as the channel priority number is increased to #n. 
In such a state, if selection of the speech commu- 
nication channels is preferentially started from the 

55 speech communication channel #1 , a speech com- 
munication channel having a smaller margin of the 
CIR value can be assigned, similar to the flexible 
reuse scheme. 
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in addition, according to the present invention, 
a speech communication channel having a high 
interference level and a high priority tends to be 
assigned to a mobile station near a base station 
because such d mobile station has a sufficiently 
high earner level. In contrast to this, a speech 
communication channel having a low interference 
level and a low priority tends to be assigned to a 
mobile station spaced apart from a base station 
because such a mobile station has a low carrier 
level. Consequently, the distances between mobile 
stations and base stations using the same speech 
communication channel almost coincide with each 
other so that channels with high priorities are main- 
ly usee by motile stations near base stations, and 
channels with low p-ionties are mainly used by 
mobile static ns spaced apart from base stations, 
thereby rcaiumj efliaent channel assignment. In 
the flexible reus* scheme, since the distances be- 
tween base statiors and mobile stations using the 
same spe»>rh r rim miration channel scarcely co- 
incide with earn othor. the channels are ineffi- 
ciently used 

Fig. 2 shows tno process of control performed 
by the base stat»m which executes the channel 
assignment mchoJ of the present invention and, 
more particularly an embodiment of channel 
switching control witr- respect to a currently used 
speech communication channel. 

Even if a given channel having a CIR value 
equal to or larger than the value of the first level 
and providing sufficient signal quality is used at the 
start of speech communication, when the mobile 
station travels, the earner level may be decreased 
c* the interference level ma/ be increased to cause 
a decrease in CIR vaije resulting in a deterioration 
m sgnal quality For this reason, the base station 
tu riodically measures the signal qualities of up- 
stream communication Ines with respect to all cur- 
rently used speech communication channels, or 
causes the mobiiu stations to measure the signal 
qualities of the d«»wrshoam communication lines, 
and performs ire o Tirol processing shown in Fig. 
2 on tre basis Df measurement results. In this 
case, a sgnal quaM» may be based on either a 
CIR value or a t «t t.crcf rate 

!hc base sta ior compares a signal quality 
Oup o? an upstream communication line and a 
s gnal quality Odown of a downstream communica- 
tion line, both otvaired as measurement results, 
with a second level LV2 (step S200). If both the 
s gnal qualities Oup and Qdown are equal to or 
higher than the second level LV2, the processing is 
immediately to'Tn>_u«d H any one of the signal 
qualities Oup <if»d O.vwi ib less than the second 
level LV2. Itie luii-i'i*-" 1 level of the corresponding 
speech communication channel is stored as a ear- 
ner level Dep <stt_p S201). A value obtained by 
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subtracting the level Dup from transmission power 
Pms is set as a propagation loss L between the 
base station and the mobile station (step S202). 
Since it can be assumed that reversibility is estab- 

5 lished between upstream and downstream commu- 
nication lines and the two lines have the same 
propagation loss L, a downstream carrier level 
Ddown in the mobile station can be obtained by 
subtracting the propagation loss L from transmis- 

io sion power P BS (step S203). Following that a 
speech communication channel priority i is set to 
"1 n (step S204), and it is checked whether a 
speech communication channel #1 is free (step 

5205) . If the speech communication channel #1 is 
75 free, a value obtained by subtracting an interfer- 
ence level Uup(1) of the speech communication 
channel #1 from the level Dup, i.e., an upstream 
CIR value, is compared with a third level LV3 (step 

5206) . If the upstream CIR value is equal to or 
20 larger than the value of the third level LV3, the 

base station instructs the mobile station to measure 
an interference level Udown(1) of the speech com- 
munication channel #1, and receives the result 
from the mobile station (step S207). A value ob- 

25 tained by subtracting the level Udown(1) from the 
level Ddown, i.e.. a downstream CIR value, is then 
compared with the third level LV3 (step S208). If 
the downstream CIR value is also equal to or larger 
than the value of the third level LV3, the currently 

30 used speech communication channel is switched to 
the speech communication #1 (step S209). If the 
speech communication channel #1 is currently 
used, or the upstream or downstream CIR value of 
the speech communication channel #1 is less than 

35 the third level LV3, the priority i is incremented by 
one to select a channel #2 having the second 
priority (step S211). Subsequently, interference 
condition determination is performed by repeating 
steps S205 to S208 in the same manner as de- 

40 scribed above. If determination is performed with 
respect to a last speech communication channel #n 
(step S210) without finding any usable speech 
communication channel, the processing is imme- 
diately completed. 

45 That is, in the present invention, in order to 

maintain sufficiently high signal quality throughout 
speech communication, when the signal quality be- 
comes less than the second level as a switching 
level, the currently used channel is switched to 

so another channel which can ensure a CIR value 
equal to or larger than the value of the third level. 
In this channel switching operation, in order to 
realize channel assignment with high efficiency of 
frequency use, speech channels are selected in the 

55 order of priority common to all the cells. The signal 
quality of a currently used channel may be repre- 
sented by a CIR value or a bit error rate. As a 
method of measuring the CIR value of a currently 
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used speech communication channel, a method 
using a beat phenomenon is available (Kozono and 
Ishikawa, "A New Method of Co-Channel D/U Mea- 
surement Using Squared Law Envelope Differential 
Detection", the Institute of Electronics, Information 
and Communication Engineers, Communication 
Technical Report, CS83-13, pp. 93 - 98). In addi- 
tion, the bit error rate of a currently used speech 
communication channel can be easily measured by 
transmitting a bit train having a predetermined pat- 
tern through the channel. 

Fig. 3 shows the process of control performed 
by the base station which executes the channel 
assignment method of the present invention and, 
more particularly, an embodiment of control pro- 
cessing for updating the first and third levels. The 
base station measures a loss probability within a 
time T at arbitrary time intervals T, i.e., the ratio of 
the number of speech communication requests re- 
sulting in failures to find speech communication 
channels, i.e., call losses, to the total number of 
speech communication requests, and sets the 
measurement result as a loss probability Pb (step 
S300). The loss probability Pb is compared with a 
specific value Pb_req (step S301). If the loss 

probability is less than the specific value Pb req. 

first and second levels LV1 and LV3 are increased 
by a predetermined value x (steps S302 and 
S303). In contrast to this, if the loss probability Pb 
is equal to or larger than the specific value 
Pb_/eq, the first and third levels LV1 and LV3 are 
decreased by the predetermined value x (steps 
S304 and S305). Although the first and third levels 
LV1 and LV3 are increased and decreased by the 
same value x in the control processing shown in 
Fig. 3, the two levels may be increased and de- 
creased by different values. With this control, when 
the traffic volume is large, the first and third levels 
LV1 and LV3 are decreased, and vice versa. There- 
fore, all the speech communication channels can 
always be used effectively. 

More specifically, assume that the first and 
third levels are fixed. In this case, if the traffic 
volume is large, all the channels are used. How- 
ever, if the traffic volume is small, only channels 
with high priorities are used, and channels with low 
priorities are not used at all. In this state, even if a 
sufficient number of channels exist, the signal qual- 
ity (i.e., the CIR value) is kept to the minimum. 
Such inefficient use of channels can be prevented 
by changing predetermined values of the first and 
third levels. For example, if the traffic volume is 
small, the first and third levels are increased to use 
channels with low priorities, thus improving the 
signal quality. In contrast to this, if the traffic vol- 
ume is large, the first and third levels are de- 
creased to increase the traffic capacity. In order to 
perform such control, according to the present in- 



vention, a loss probability within a predetermined 
period of time is measured. If the measurement 
result is equal to or larger than a specific value, it 
is determined that the traffic volume is large, and 
5 the first and third levels are decreased. If the 
measurement result is less than the specific value, 
it is determined that the traffic volume is small, and 
the first and third levels are increased. 

Fig. 4 shows the process of control performed 
70 by the base station which executes the channel 
assignment method of the present invention and, 
more particularly, another embodiment of the con- 
trol processing for updating the first and third lev- 
els. The base station measures a channel switching 
75 count within a time T at arbitrary time intervals T, 
and sets the measurement result as a channel 
switching count N (step S400). The channel switch- 
ing count N is compared with a specific value 
N_req (step S401). If the channel switching count 

20 N is equal to or larger than the specific value 
N__req, first and third levels LV1 and LV3 are 
increased by a predetermined value w (steps S402 
and S403). With this control, the channel switching 
count N can always be limited to a value less than 

25 the specific value. 

Assume that the control amount x in Fig. 3 is 
equal to the control amount w in Fig. 4. In this 
case, if the loss probability is" equal to or larger 
than the specific value, and the channel switching 

30 count is equal to or larger than the specific value, 
the first and third levels are not changed. If the 
channel switching count needs to be limited to a 
value less than the specific value even in such a 
case, the control amount w in Fig. 4 is set to be 

35 larger than the control amount x in Fig. 3. 

More specifically, if the tTaffic volume is in- 
creased, the first and third levels are decreased to 
approach the second level at which channel switch- 
ing is started. As a result, channel switching fre- 

40 quently occurs. However, channel switching is to 
be performed within a maximum allowable count 
determined by the processing capacities of the 
base station apparatus and the exchange. In order 
to limit the channel switching count to the maxi- 

45 mum allowable count or less, according to the 
present invention, a channel switching count within 
a predetermined period of time is measured. If the 
measurement result exceeds the maximum allowa- 
ble count, the first and third levels are increased. 

so Fig. 5 shows the process of control performed 

by the base station which executes the channel 
assignment method of the present invention and, 
more particularly, an embodiment of control pro- 
cessing for updating the first and third levels. The 

55 base station measures a channel switching failure 
count within a time T at arbitrary time intervals T, 
i.e., the number of times that the signal quality of a 
currently used speech communication channel be- 
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comes less than the second level, and another 
speech communication channel having a CIR value 
equal to or larger than the value of the third level 
cannot be found. The base station then sets the 
measurement result as a channel switching failure 
count M (step S500). The channel switching failure 

count M is compared with a specific value M req 

(step S501). If the channel switching failure count 
M is equal to or larger than the specific value 
M req, a first level LV1 is increased by a pre- 
determined value y (step S502), and a third level 
LV3 is decreased by a predetermined value z (step 
S503). In contrast to this, if the channel switching 
failure count M is less than the specific value 

M req, the first level LV1 is decreased by the 

predetermined value y (step S504), and the third 
level LV3 is increased by the predetermined value 
z (step S505). Although both the first and third 
levels LV1 and LV3 are increased and decreased in 
the control processing shown in Fig. 5, only one of 
the levels may be increased or decreased. With 
this control, if a large number of channel switching 
failures occur, the difference between the first and 
third levels LV1 and LV3 is increased, and vice 
versa, thereby keeping the channel switching fail- 
ure count constant. 

More specifically, the design target value of a 
loss probability with respect to speech communica- 
tion requests is generally set to be about 1 to 3%, 
whereas the probability that a call is forcibly dis- 
connected during speech communication due to a 
channel switching failure (forced reiease probabil- 
ity) is specified to be a value 1/10 or less the loss 
probability. Such an application of the present in- 
vention can be realized by setting the third level of 
a CIR value in a channel switching operation to be 
lower than the first level of a CIR value in a speech 
communication requesting operation. If, however, 
the third level is excessively decreased, the chan- 
nel switching count is increased. In order to adap- 
tively set the difference between the first and third 
levels, according to the present invention, a chan- 
nel switching failure count, i.e., the number of times 
that the signal quality of a currently used speech 
communication channel becomes less than the 
second level, and another speech communication 
channel having a CIR value equal to or larger than 
the value of the third level cannot be found within a 
predetermined period of time, is measured. If the 
measured count is equal to or larger than the 
specific value of a forced release probability, the 
difference between the first and third levels is in- 
creased. If the count is less than the specific value, 
the difference between the first and third levels is 
reduced. 

Fig. 6 shows the process of control performed 
by the base station which executes the channel 
assignment method of the present invention and, 
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more particularly, an embodiment of control pro- 
cessing for updating the second level. The base 
station measures an interference count within a 
time T at arbitrary time intervals T, i.e., the number 
s of times that the signal quality of a currently used 
speech communication channel becomes less than 
the minimum allowable level, and sets the mea- 
surement result as an interference count K (step 
S600). The interference count K is compared with a 

io specific value K req (step S601). If the interfer- 
ence count K is equal to or larger than the specific 
value K-req, a second level LV2 is increased by a 
predetermined value x (step S602). In contrast to 
this, if the interference count K is less than the 

75 specific value K req, the second level LV2 is 

decreased by the predetermined value x (step 
S603). With this control, when the interference 
count is large, the second level LV2 is increased, 
and vice versa, thus keeping the interference count 

20 constant. 

More specifically, in order to properly perform 
speech communication, the signal quality during 
speech communication must be set at a certain 
level or more. In order to keep the signal quality at 

25 the minimum allowable level or more throughout 
speech communication, the value of the second 
level must be set to be larger than the minimum 
allowable CIR value to advance channel switching. 
If, however, the second level is excessively in- 

30 creased, the channel switching count is increased. 
In order to adaptively set the second level, accord- 
ing to the present invention, a signal quality dete- 
rioration count, i.e., the number of times that the 
signal quality of a currently used speech commu- 

35 nication channel becomes less than the minimum 
allowable level within a predetermined period of 
time, is measured. If the measured count is equal 
to or larger than the specific value of a signal 
quality deterioration count, the second level is in- 

40 creased. If the count is less than the specific value, 
the second level is decreased. 

Fig. 7 shows the process of control performed 
by the base station which executes the channel 
assignment method of the present invention and, 

45 more particularly, an embodiment of channel 
switching control with respect to a currently used 
speech communication channel. 

The base station arbitrarily selects one of cur- 
rently used speech communication channels, and 

so sets its priority as a priority j (step S700). An 
upstream carrier level Dup is "then stored (step 
S700). A value obtained by subtracting the level 
Dup from transmission power P MS is set as a 
propagation loss L between the base station and 

55 the mobile station (step S702). Since it can be 
assumed that reversibility is established between 
upstream and downstream communication lines 
and the two lines have the same propagation loss 
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L. a downstream car level Ddown in the mobile 
station can be obtair. ri by subtracting the propa- 
gation loss L from transmission power P B s (step 
S703). Following that a speech communication 
channel priunly i is set to "1" (step S704), and it is 
checked whether a speech communication channel 
*i «s lice (step S705). If the speech communica- 
tion channel #1 is free, a value obtained by sub- 
tracting an interference level Uup(1) of the speech 
communication channel #t from the level Dup, i.e., 
en upstream CiR value, is compared with a fourth 
level LV4 (clcp S706). If the upstream CIR value is 
equal to or larger than the value of the fourth level 
IV'1. tho baso station instructs the mobile station to 
moasure an interior onco level Udown(1) of the 
speech communication channel #1, and receives 
tne result from the- mobile station (step S707). A 
value obtained by subtracting the level Udown(1) 
f-om the level Ddown ic . a downstream CIR val- 
ue, is then compared with the fourth level LV4 
(step S708) It th#» downstream CIR value is also 
oqual to or larger than tho value of the fourth level 
LV4. the selected spooch communication channel 
is switched to the speech communication #1 (step 
S709). and the processing is completed. If the 
speech communicat>on channel #1 is currently 
used, and the upstream or downstream CIR value 
of the speech communication channel #1 is less 
Pian the fourth level LV4. the priority i is incre- 
mented by one to select a channel #2 having the 
second priority (step S710. Subsequently, the pri- 
ority i of the speech cemmumcation channel as a 
switching designation candidate selected in step 
S710 is compared with the priority j of the currently 
used speech communication channel selected in 
step S700 (step S7lli If the priority i of the 
U*: -on h communication channel as the switching 
domination candidate is lower than the priority j of 
pie currently used speech communication channel, 
iteps S705 to S708 are repeated to check whether 
channel switching can bo performed. If the priority i 
of the speech communication channel as the 
switching designation c antedate becomes equal to 
tne priority j of the currently used speech commu- 
nication channel. Ok control processing is com- 
pleted 

More specifically in order to switch a currently 
used speecn communication channel to a free 
speech communication channel having a higher 
pnonty wher such a nirp-pnonty channel becomes 
Pee upon completion of speech communication or 
channel switching to an aoiacent base station, ac- 
cording to the present invention, the base station 
arbitianly selects «* Ljmn! y used speech commu- 
nication, and chocks *r lett er the selected channel 
can be switched to a ^»eeeh communication hav- 
ing a higher priority S«m,ia to the processing for a 
speech communication request, the base station 



selects free speech communication channels in the 
order of priority common to a plurality of cells, ft a 
selected free channel has a priority higher than that 
of the currently used speech communication chan- 
5 nel and also has a CIR value equal to or larger than 
the value of the fourth level, channel switching is 
performed. 

In the control processing shown in Fig. 7, the 
base station selects currently used speech commu- 
io nication channels in an arbitrary order. However, in 
the control processing shown in Figs. 8 and 9 to be 
described below, the order of selection of currently 
used speech communication channels is specified. 
Fig. 8 shows still another embodiment of the 
is control processing performed by the base station 
which executes the channel assignment method of 
the present invention. 

The base station starts the control processing 
shown in Fig. 8 at arbitrary time intervals T. The 

20 base station measures the upstream carrier levels 
of all currently used speech communication chan- 
nels (step S800). A parameter n for identifying a 
speech communication channel is set to be "1" 
(step S801). A currently used speech communica- 

25 tion channel having an nth highest upstream carrier 
level Dup is selected as a channel to be switched 
(step S802). The control processing described with 
reference to Fig. 7 is performed to check whether 
the selected currently used speech communication 

30 channel can be switched to a speech communica- 
tion channel having a higher priority (step S803). 
When the control processing shown in Fig. 7 is 
completed, the parameter n is incremented by one 
to select a currently used~speech communication 

35 channel having the next highest upstream carrier 
level Dup (step S804). It is checked whether the 
control processing for all the currently used speech 
communication channels is completed (step S805). 
If the processing is completed, the control process- 

40 ing is ended. If the processing is not completed, 
steps S802 to S804 are repeated. 

More specifically, in channel switching to a 
speech communication channel having a higher 
priority, a speech communication channel having a 

45 higher priority is preferably assigned to a mobile 
station closer to the base station. The distances 
from the base station to the mobile stations have a 
strong correlation with the upstream carrier recep- 
tion levels and the order of priority of currently 

so used speech communication channels. That is, a 
mobile station nearer to the base station tends to 
have a higher upstream carrier reception level, and 
the currently used speech communication channel 
tends to have a higher priority. For this reason, in 

55 the present invention, the base station measures 
the upstream carrier reception levels of all the 
currently used speech communication channels at 
an arbitrary timing, and checks whether the current 
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used speech communication channel having a high 
reception level can be switched to a speech com- 
munication channel having a higher priority. 

Fig. 9 shows still another embodiment of the 
control processing performed by the base station 
which executes the channel assignment method of 
the present invention. 

The base station starts the control processing 
shown in Fig. 9 at arbitrary time intervals T. The 
base station sets a parameter n for identifying a 
speech communication channel" to be "1" (step 
S900). It is then checked whether a speech com- 
munication having an nth priority is currently used 
(step S901). If the nth speech communication 
channel is currently used, the speech communica- 
tion channel having the nth priority is selected as a 
channel to be switched (step S902). The control 
processing described with reference to Fig. 7 is 
performed to check whether the selected currently 
used speech communication channel can be 
switched to a spee oh communication channel hav- 
ing a higher priority (step S903). If the control 
processing shown in Fig. 7 is completed, or the nth 
speech communication channel is free, the param- 
eter n is incremented by one to select a speech 
communication having the next highest priority 
(step S904). It is checked whether the control pro- 
cessing for all the currently used speech commu- 
nication channels is completed (step S905). If the 
processing is completed, the control processing is 
ended. If the processing is .^ot completed, steps 
S901 to S904 are repeated. 

That is, according to the present invention, the 
base station checks whether a currently used 
speech communication channel having a high prior- 
ity can be switched to a speech communication 
channel having a higher priority at an arbitrary 
timing. 

Fig. 10 shows the process of control performed 
by the base station which executes the channel 
assignment method of the present invention and, 
more particularly, an embodiment of control pro- 
cessing for updating the fourth level. The base 
station measures a loss probability within a time T 
at arbitrary time intervals T, i.e., the ratio of the 
number of speech communication requests result- 
ing in failures to find speech communication chan- 
nels, i.e., call losses, to the total number of speech 
communication requests, and sets the measure- 
ment result as a loss probability Pb (step S1000). 
The loss probability Pb is compared with a specific 
value Pb_req (step S1001). If the loss probability 

Pb is less than the specific value Pb req, a fourth 

level LV4 is increased by a predetermined value x 
(step S1002). In contrast to this, if the loss prob~ 
ability Pb is equal to or larger than the specific 

value Pb req, the fourth level LV4 is decreased by 

the predetermined value x (step S1003). In the 



control processing shown in Fig. 10, the fourth 
level LV4 is increased and decreased by the same 
value x. However, the level may be increased and 
decreased by different values. With this control, 
5 when the traffic volume is large, the .ourth level 
LV4 is decreased, and vice versa. Therefore, all the 
speech communication channels can always be 
used effectively. 

That is, if the traffic volume is small, the fourth 

io level is increased to improve the signal quality, 
whereas if the traffic volume is large, the fourth 
level is decreased to increase the traffic capacity. 
In order to perform such control, according to the 
present invention, a loss probability within a pre- 

75 determined period of time is measured. If the mea- 
surement result is equal to or larger than a specific 
value, it is determined that the traffic volume is 
large, and the fourth level is decreased. In contrast 
to this, if the measurement result is less than the 

20 specific value, it is determined that the traffic vol- 
ume is small, and the fourth level is increased. 

Fig. 1 1 shows the process of control performed 
by the base station which executes the channel 
assignment method of the present invention and. 

25 more particularly, another embodiment of the con- 
trol processing for updating the fourth level. The 
base station measures a channel switching count 
within a time T at arbitrary time intervals T, and 
sets the measurement result as a channel switch- 

30 ing count N (step S1100). The channel switching 

count N is compared with a specific value N req 

(step S1 101). If the channel switching count N is 

equal to or larger than the specific value N req, a 

fourth level LV4 is increased by a predetermined 

35 value w (step S1102). With this control, the channel 
switching count N can always be limited to a value 
smaller than the specific value. 

Assume that the control amount x in Fig. 1 0 is 
equal to the control amount w in Fig. 11. In this 

40 case, if the loss probability Pb~is equal to or larger 
than the specific value, and the channel switching 
count N is equal to or larger than the specific 
value, the fourth level is not changed. Even in such 
a case, if the channel switching count needs to be 

45 limited to a value smaller than the specific value, 
the control value w in Fig. 11 is set to be larger 
than the control value x in Fig. 10. 

More specifically, - if the traffic volume is in- 
creased, the fourth level is decreased to approach 

so the second level at which channel switching is 
started. As a result, channel switching is frequently 
performed. In order to limit the channel switching 
count to the maximum allowable value or less, 
according to the present invention, a channel 

55 switching count within a predetermined period of 
time is measured. If the measurement result ex- 
ceeds the maximum allowable count, the fourth 
level is increased. 
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In a mobile station, e.g., a portable terminal, 
which frequently performs communication while it 
is stopped or moved at a relatively low speed, the 
carrier level and the interference level scarcely 
change. Even if a channel having the minimum CIR 5 
value is assigned to such a mobile station, a dete- 
rioration in signal quality hardly occurs. In contrast 
to this, in a mobile station, e.g., a vehicle mounted 
terminal, which frequency performs communication 
while it is moved at high speed, the carrier level 10 
and the interference level rapidly change. If a chan- 
nel having the minimum CIR value is assigned to 
cuch d mobile station, the probability of degrada- 
tion in signal quality is very high. Therefore, in 
r.»:i.*f tt.i provont a deterioration in signal quality, a 75 
rfiu-in.-! having the minimum CIR value is assigned 
t m. former type of mobile station to improve 

t-w h«-)iH>ncy use efficiency, while a channel hav- 
i'v; . tift , u nil/ large CIR value is assigned to the 
uv. • < f mobile station. Figs. 12 to 18 show 20 

»";«.vm. nt t,* M fuch a case. 

* . : I.* *h<>*< the arrangement of radio speech 
■<*":»r»i .it»*i channels on the frequency axis, 
*•« ' ,»f by the channel assignment 

r " - ' i*» -sent invention. All the channels 25 
..- ! • v ctom are classified into the first 

.< ; : : . ;f The first group is assigned to 

,'■..!••■« r .»/•>» , a' Signment, whereas the second 

» t « 'ixcd channel assignment. 

k ? f , ; u> the second group is further 30 

r. v ♦ i.-v,fi si.tiq'oups F1 to F7. Each base 
' *- * ■ ««'t .trjry channels of the first group 
r .i" » r t« * r*jng to a predetermined subg- 
f * t-w s,- mi group Fig. 13 shows an ar- 
'•»";• f r« ii^H-jfoups of the second group 35 

* .v* ttir*-iy assigned to base stations, 

ft ?- «'.?t; ? h. n t:*ich hexagon indicates a cell, 
- rv * ?..*t.jr n-;.- I 1 to F7 are respectively ar- 
r.irv^-j ,r f», t.i*. • luteins located in the centers 
i-t ! . »■ in this case, the repetition 40 

f 1 j 14 ;fKA t?H process of control performed 
t>, !fw u«t« lav *i which executes the channel 
ti.-. ..;fim. it rn. <j ..f the present invention and, 
m« .r, juirth.uiart, arv tr>vr embodiment of the chan- 45 
noi aisi«.|nfrt^v ointroi with respect to speech 
commum^atH m rr*|;#vsts Assume that the base 
*tau>n is aMuwt-ii :o use the channels belonging to 
no first group arvi t->c channels belonging to the 
subgroup Fi o* no second group in Fig. 12, and 50 
mat the identifier C f each mobile station includes an 
identif 1 cat-on br indicating whether the mobile sta- 
tion is a potable unit or a vehicle mounted unit. 
When a speech communication request for a mo- 
bilu station uutgumy call or a mobile station incom- 55 
toy call is generated, the base station requests and 
receives the identifier of a mobile station asso- 
ciated with the speech communication request 



from the exchange or the mobile station (step 
Si 400). Subsequently, the base station checks on 
the basis of the identification bit included in the 
mobile station identifier and indicating the type of 
mobile station whether the mobile station is a por- 
table unit or a vehicle mounted unit (step S1401). If 
the mobile station is a portable unit, the base 
station selects a proper channel from the channels 
belonging to the first group and assigns it to the 
mobile station (step S1402). 

In this case, as an algorithm for channel selec- 
tion, a scheme for assigning channels having CIR 
values as small as possible, such as in the conven- 
tional flexible reuse scheme, or a scheme for as- 
signing channels at random can be used. If the 
mobile station is a vehicle mounted unit, the base 
station selects a proper channel from the channels 
belonging to the subgroup F1 of the second group, 
and assigns it to the mobile station (step Si 403). 
Since the channels of the second group are fixedly 
assigned so as not cause interference, any orders 
of assignment do not make much difference. 

That is, in the present invention, all the radio 
speech communication channels assigned to the 
system are classified into the first and second 
groups. The first group is used for dynamic chan- 
nel assignment, whereas the second group is used 
for fixed channel assignment. The second group is 
further divided into subgroups equal in number to a 
repetition count (cluster size). Each base station is 
allowed to use all the channels belonging to the 
first group and the radio speech communication 
channels belonging to one subgroup in the second 
group. Since all the base stations can use the 
channels belonging to the first group, no guarantee 
about the CIR values of the channels is provided. 
In contrast to this, since the channels belonging to 
the second group can be used by only base sta- 
tions spaced apart from corresponding mobile sta- 
tions by a predetermined distance or more, the CIR 
value of each channel belonging to the second 
group is guaranteed in advance to be a certain 
value or more. 

In a general automobile telephone system, it 
can be determined from the identifier of a mobile 
station whether the mobile station is a portable 
terminal or a vehicle mounted terminal. In this 
case, each base station decodes identifier acknowl- 
edged from mobile stations, and assigns channels 
belonging to the first group to portable terminals 
while assigning channels belonging to the second 
group to vehicle mounted terminals. 

Fig. 15 shows still another embodiment of the 
present invention. Fig. 15 shows the process of 
control performed by the base station which ex- 
ecutes the channel assignment method of the 
present invention and, more particularly, channel 
assignment control with respect to a currently busy 



): <EP 0S22276A2 I > 



19 



EP 0 522 276 A2 



20 



mobile station. Assume that the base station is 
allowed to use the channels belonging to the first 
group and the channels belonging to the subgroup 
F1 of the second group in Fig. 12, and that each 
mobile station of this system periodically reports 
current transmission power and a current transmis- 
sion power control amount to the base station. The 
control processing shown in Fig. 15 is periodically 
performed with respect to a currently busy mobile 
station. The base station averages the propagation 
losses between the currently busy mobile station 
and the self-station over a predetermined time T, 
and sets the average value as a value L1 (step 
S1500). The base station further averages the 
propagation losses between the currently busy mo- 
bile station and the self-station over the next pre- 
determined time T, and sets the average value as a 
value 12 (step S1501). As described above, a prop- 
agation loss without transmission power control is 
calculated as follows: 

[propagation loss] = [transmission power of mobile 
station] - [reception level of base station] 

A propagation loss with transmission power control 
is calculated as follows: 

[propagation loss] = [transmission power of mobile 
station] + [transmission power control amount in 
mobile station] - [reception level of base station] 

Subsequently, the base station checks which 
group the channel currently used by the currently 
busy mobile station belongs to (step S1502). If the 
channel belongs to the first group, the absolute 
value of the difference (|L1 - L2|) between the 
average values L1 and L2 is calculated and is 
compared with a threshold value T1 (step S1503). 
If the absolute value of the difference between the 
average values L1 and L2 exceeds the threshold 
value T1, the base station instructs the mobile 
station to switch the currently used channel to a 
free channel belonging to the second group (step 
S1504). If the absolute value of the difference be- 
tween the average values L1 and 12 is equal or 
smaller than the threshold value T1, no processing 
is performed. If it is determined in step SI 502 that 
the currently used channel belongs to the second 
group, the absolute value of the difference (|L1 - 
L2|) between the average values LI and L2 is 
calculated and compared with a threshold value T2 
(step S1505). If the absolute value of the difference 
between the average values L1 and L2 is less than 
the threshold value T2, the base station instructs 
the mobile station to switch the currently used 
channel to a free channel belonging to the first 
group (step S1506). If the absolute value of the 
difference between the average values L1 and L2 is 
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equal to or larger than the threshold value, no 
processing is performed. A channel group to be 
used may be determined on the basis of the vari- 
ance of a plurality of measurement values of aver- 
5 age propagation losses instead of the difference 
between average propagation losses in this em- 
bodiment 

More specifically, when a portable terminal is 
to be used in a vehicle in a traveling state, a 

io channel belonging to the first group is assigned to 
the terminal according to the above-described 
method, and a deterioration in signal quality may 
be caused. In addition, when a vehicle mounted 
terminal is to be used in a vehicle which stops due 

75 to traffic jam, a channel belonging to the second 
group is assigned to the terminal according to the 
above-described method, even though a channel 
belonging to the first group can be assigned. In 
order to solve this problem, according to the 

20 present invention, an average propagation loss be- 
tween a base station and each mobile station within 
a predetermined period of time is measured. With 
this operation, the base station assigns a channel 
belonging to the first group to a mobile station in 

25 which the amount of change in average propaga- 
tion loss is small, and assigns a channel belonging 
to the second group to a mobile station in which 
the amount of change in average propagation loss 
is large. 

30 Fig. 16 shows the process of control performed 

by the base station which executes the channel 
assignment method of the present invention and, 
more particularly, another embodiment of the chan- 
nel assignment control with respect to a currently 

35 busy mobile station. Assume that this base station 
is allowed to use the channels belonging to the first 
group and the channels belonging to the subgroup 
F1 in the second group in Fig. 12, and that the 
base station in this system can detect the traveling 

40 speed of a mobile station. The control processing 
shown in Fig. 16 is periodically performed with 
respect to a currently busy mobile station. The 
base station averages the traveling speed of the 
currently busy mobile station over a predetermined 

45 time T, and sets the average value as a traveling 
speed v (step S1600). Subsequently, the base sta- 
tion checks which group the channel currently used 
by the currently busy mobile station belongs to 
(step S1601). If the currently used channel belongs 

so to the first group, the traveling speed v is com- 
pared with a threshold value T3 (step Si 602). If the 
traveling speed v exceeds the threshold value T3, 
the base station instructs the mobile station to 
switch the currently used channel to a free channel 

55 belonging to the second group (step S1603). If the 
value of the traveling speed v is equal to or smaller 
than the threshold value T3, no processing is per- 
formed. If it is determined in step 1601 that the 
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currently used channel belongs to the second 
group, the traveling speed v is compared with a 
threshold value T4 (step ST604). If the traveling 
speed v is less than the threshold value T4, the 
base station instructs the base station to switch the 
currently used channel to a free channel belonging 
to the first group (step S1605). If the value~of the 
traveling speed v is equal to or larger than the 
threshold value T4, no processing is performed. 

That is, instead of measuring the amount of 
change in average propagation loss, the traveling 
speed of each mobile station may be measured so 
that a channel belonging to the first group is as- 
signed to a mobile station traveling at low speed, 
and a channel belonging to the second group is 
assigned to a mobile station traveling at high 
speed. As a method of allowing a base station to 
detect the traveling speed of each mobile station, a 
method using variations in reception level due to 
fading is available. In this method, a level crossing 
count, i.e., the number of times that the reception 
level crosses a certain threshold value, is mea- 
sured to estimate a traveling speed (Syuji Yasuda, 
Yoshiaki Nakajima, Seizo Onoe. "Mobile Commu- 
nication Channel Assignment Control Method". 
Japanese Patent Laid-Open No. 3-104329). 

As described above, according to the present 
invention, dynamic channel assignment is per- 
formed with respect to a portable terminal, a mo- 
bile station in which the amount of change in 
propagation loss is small, or a n.->bile station which 
travels at low speed, whereas fixed channel assign- 
ment is performed with respect to a vehicle moun- 
ted terminal, a mobile station in which the amount 
of change in propagation loss is larger, or a mobile 
station which travels at high speed, thereby provid- 
ing a channel assignment method in which the high 
efficiency of frequency use is high, and a deteriora- 
tion in signal quality is small. 

Fig. 17 shows still another embodiment of the 
control processing performed by the base station 
which executes the channel assignment method of 
the present invention. Assume that this base station 
is allowed to use the channels belonging to the first 
group and the channels belonging to the subgroup 
F1 in the second group in Fig. 12. When a speech 
communication request for a mobile station out- 
going call or a mobile station incoming call is 
generated, the base station unconditionally assigns 
a free channel belonging to the subgroup F1 in the 
second group to a corresponding mobile station 
regardless of the identifier of the mobile station, the 
amount of change in propagation loss, and the 
traveling speed of the mobile station (step S1700). 

More specifically, if a channel group is to be 
determined by detecting the traveling speed of a 
mobile station or the amount of change in propaga- 
tion loss between the mobile station and the base 



station, the time interval between the instant at 
which the mobile station generates a speech com- 
munication request and the instant at which speech 
communication is started is considerably pro- 
5 longed. For this reason, in the present invention, a 
channel belonging to the second group is uncondi- 
tionally assigned in response to a new speech 
communication request to shorten the connection 
time. The traveling speed of the mobile station or 

io the propagation loss between the mobile station 
and the base station may be detected after channel 
assignment. In this case, if a channel belonging to 
the first group can be assigned, channel switching 
may be performed. 

75 Fig. 18 shows still another embodiment of the 

control processing performed by the base station 
which executes the channel assignment method of 
the present invention. Assume that this base station 
is allowed to use the channels belonging to the first 

20 group and the channels belonging to the subgroup 
F1 in the second group in Fig. 12. The base station 
measures the rate at which the channels belonging 
to the subgroup F1 in the second group are used, 
and sets the measurement result as a channel use 

25 rate u (step S1800). Subsequently, the base station 
compares the channel use rate u with a threshold 
value T5 (step S1801). If the channel use rate u 
exceeds the threshold value T5, the base station 
selects a mobile station currently using a channel 

30 belonging to the second group, and instructs the 
mobile station to switch the channel to a free 
channel belonging to the first group (step S1802). 
Although the criterion for selecting a mobile station 
can be arbitrarily set, it is preferable that a mobile 

35 station having a small amount of change in average 
propagation loss or a low average traveling speed 
be preferentially selected. In step S1802, instead of 
immediately instructing channel switching, the 
channel use rate u may be decreased by increas- 

40 ing the threshold values T3 and T4 in Fig. 16. If it 
is determined in step S1801 that the channel use 
rate u exceeds the threshold value T5, the base 
station compares the channel use rate u with a 
threshold value T6 (step S1803). If the channel use 

45 rate u is less than the threshold value T6, the base 
station selects a mobile station currently using a 
channel belonging to the first group, and instructs 
the mobile station to switch the currently used 
channel to a free channel belonging to the second 

so group (step S1804). Although the criterion for se- 
lecting a mobile station can be arbitrarily set, it is 
preferable that a mobile station having a large 
amount of change in average propagation loss or a 
high average traveling speed be preferentially se- 

55 lected. In step S1804, instead of immediately in- 
structing channel switching, the channel use rate u 
may be increased by decreasing the threshold 
values T1 and T2 in Fig. 15 and the threshold 
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values T3 and T4 in Fig. 16. If it is determined in 
step S1803 that the value of the channel use rate u 
is equal to or larger than the threshold value T6^ 
the base station completes the control processing 
without performing any processing. 

More specifically, as described above, when a 
channel belonging to the second group is to be 
preferentially assigned in response to a speech 
communication request, if all the channels belong- 
ing to the second group are currently used, the 
new speech communication request results in a 
call loss. In order to reduce loss probabilities, it is 
preferable that a constant number of free channels 
be always ensured in the channels belonging to the 
second group. A state in which the channels be- 
longing to the second group are scarcely used is 
not preferable in terms of effective use of fre- 
quencies, either. In the present invention, the use 
rale of the radio speech communication channels 
r.*?ionging to one subgroup in the second group is 
mnnitnmd. If the use rate exceeds a certain value 
<A> \hr use rate is decreased by performing chan- 
nel switching from channels belonging to the sec- 
ond group to channels belonging to the first group. 
II the use rate is less than a certain value (B), the 
use rate is increased by performing channel 
switching from channels belonging to the first 
group to channels belonging to the second group. 
V/itr sjch control, the use rate of the channels 
belonging to the second group can be kept almost 
constant (a value between A and B). 

Furthermore, in the method shown in Fig. 1, a 
trwe-order intermodulation wave is produced at the 
earner frequency of a speech communication chan- 
nel used by a mobile station spaced apart from the 
base station and having a low priority, depending 
on the manner of determining the order of selection 
of channels, owing to an interaction with a speech 
communication channel used by a mobile station 
near the base station and having a high priority. 
Therefore, the interference level of each speech 
communication channel having a low priority is 
increased, and the distances between base stations 
arvi mobile stations using the same speech com- 
munication channel tend to vary, hindering an im- 
provement in efficiency of channel assignment. 

Hgs 19A to 19D respectively show the orders 
of selection of speech communication channels, in 
the channel assignment method of the present 
invention, which are determined to improve the 
efficiency of channel assignment. 

The orders of selection of speech communica- 
tion channels are determined in the following man- 
r>ur 

In ihe first example, a speech communication 
O (annul tu be selected first, i.e., a speech commu- 
nication channel having a priority #1, is arbitrarily 
determined. In the example shown in Fig. 19A, the 



priority #1 is given to a channel f* . A priority #2 is 
given to a channel f 3 or f 5 which differs least in 
carrier frequency from the channel f* having the 
priority #1. If a plurality of speech communication 

5 channels differ in carrier frequency from the chan- 
nel U to the same degree, a higher priority can be 
given to any one of the channels. In this case, the 
channel fa has the priority #2. A priority #3 is given 
to the channel fs which differs in carrier frequency 

10 from the channel f4 to the same degree as the 
channel f3- Subsequently, in the same manner as 
descried above, priorities #4 and #5 are given to 
channels f2 and f& which differ least in carrier 
frequency from the channel f 4t of the channels 

75 except for the channels f 3 to f 5 ; priorities #6 and 
#7, channels fi and f 7 ; a priority #8, a channel f a ; a 
priority #9, a channel f 0 ; and a priority #10, a 
channel fio. 

In the second example, a speech communica- 

20 tion channel having the maximum carrier frequency 
is set as a channel having the first priority. In the 
example shown in Fig. 19B, a channel fio has a 
priority #1. A priority #2 is given to a channel f 9 
which differs least in carrier frequency from the 

25 channel fio- A priority #3 is given to a channel fa 
which differs least in carrier frequency from the 
channel fio, next to the channel f 9 . Subsequently, 
in the same manner as described above, the re- 
spective priories are determined, and a priority #10 

30 is given to a channel fi . 

In the third example, a speech communication 
channel having the minimum carrier frequency is 
set as a channel having the first priority. In the 
example shown in Fig. 19C, a priority #1 is given to 

35 a channel f i . A priority #2 is given to a channel f 2 
which differs least in carrier frequency from the 
channel fi. A priority #3 is given to a channel f 3 
which differs least in carrier frequency from the 
channel fi , next to the channel h . Subsequently, in 

40 the same manner as described above, the respec- 
tive priories are determined, and a priority #10 is 
given to a channel fio- 

In the fourth example, the priorities of speech 
communication channels are sequentially deter- 

45 mined in the order of decreasing frequency dif- 
ference from the central value of the carrier fre- 
quencies of all the speech communication chan- 
nels. As in the example shown in Fig. 19D, if all the 
speech communication channels are denoted by fi , 

so f 2 fio, the central value of the carrier frequencies 

is given by (U + fi 0 )/2. The channels fi and fio 
differ most in carrier frequency from the central 
value. If two speech communication channels differ 
from the central value to the same degree, the first 

55 priority can be given to either of the two channels. 
In the example shown in Fig. 19D, a priority #1 is 
given to the channel fi . Therefore, a priority #2 is 
given to the channel fio. Since the channels f 2 and 
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h differ most in carrier frequency from the central 
value, next to the channels fi and fi 0 , priorities #3 
and #4 are respectively given to these channels. 
Subsequently, in the same manner as described 
above, the respective priorities are determined, and s 
priorities #9 and #10 are respectively given to the 
channels fs and f& . 

If speech communication channels are selected 
in the order shown in Fig. 19A, the channels U and 
f 3 having the priorities #1 and #2 are used near the io 
base station. Third-order intermodulation caused by 
these two frequencies is represented by 2f 3 - f 4 = 
h and 2f 4 -f 3 = f 5 . Since the channels f 2 and f 5 
respectively have the priorities #4 and #3, i.e., high 
priories, and are frequently used relatively near the 75 
base station, the channels have high carrier and 
interference levels and are not easily influenced by 
intermodulation. 

Similarly, if speech communication channels 
are selected in the order shown in Fig. 19B, the 20 
channels fio and h having the priorities #1 and #2 
are used near the base station. Third-order inter- 
modulation caused by these two frequencies is 
represented by 2f 9 -fio = fs. Since the channel f 8 
has the priority #3, i.e., a high priority, and is 25 
frequency used relatively near the base station, 
both the carrier and interference levels are high, 
and speech communication is not easily influenced 
by the intermodulation. 

Similarly, if speech communication channels 30 
are selected in the order shown in Fig. 19C, the 
channels fi and f 2 having the priorities #1 and #2 
are used near the base station. Third-order inter- 
modulation caused by these two frequencies is 
represented by 2f 2 -fi = f 3 . Since the channel f 3 35 
has the priority #3, i.e., a high priority, and is 
frequency used relatively near the base station, 
both the carrier and interference levels are high, 
and speech communication is not easily influenced 
by the intermodulation. 40 

Furthermore, if speech communication chan- 
nels are selected in the order shown in Fig. 19D, 
the channels fi and fio having the priorities #1 and 
#2 are used near the base station. Third-order 
intermodulation caused by the channels fi and fio 45 
is represented by 2fi 0 -fi > fio, i.e., a channel 
located outside the range of speech communica- 
tion channels. Therefore, speech communication is 
not easily influenced by the third-order inter- 
modulation. In addition, third-order intermodulation 50 
caused by the three channels fi , fio and f 2 respec- 
tively having the priorities #1 , #2, and #3 is repre- 
sented by fi + fio - f 2 = fg. Since the channel f 9 
has the priority #4, i.e., a high priority, and is 
frequently used relatively near the base station, 55 
both the carrier and interference levels are high, 
and speech communication is not easily influenced 
by the intermodulation. 



If, therefore, a speech communication channel 
selection order is determined by these methods, 
channel assignment with high efficiency of fre- 
quency use can be realized by the above-de- 
scribed scheme without being much influenced by 
intermodulation. 

Although the present invention has been de- 
scribed in detail with reference to the particular 
embodiments, the present invention is not limited 
these embodiments. For example, in the embodi- 
ments, the FDMA (Frequency Division Multiple Ac- 
cess) scheme is exemplified. However, the em- 
bodiments can be carried out by using the TPMA 
(Time Division Multiple Access) scheme without 
posing any problem. 

Figs. 20A and 20B show cases wherein five 
carrier frequencies are used in the three-channel 
TDMA scheme. In the present invention, if the first 
priority is given to a carrier frequency f 5 , the sub- 
sequent priorities are sequentially given to frequen- 
cies U, f 3 , f 2 , and fi in this order. Three speech 
communication channels on the same carrier fre- 
quency have no carrier frequency difference, their 
priorities can be arbitrarily set. Fig. 20A shows a 
speech communication selection order in which the 
priorities of slot 1 . slot 2, and slot 3 on each carrier 
frequency are sequentially decreased in the order 
named. Fig. 20B shows a speech communication 
channel selection order in which the priorities of 
the three slots on the respective adjacent carrier 
frequencies are changed in opposite directions. 

As has been described in detail above, accord- 
ing to the present invention, there is provided a 
channel assignment method which can achieve 
high efficiency of frequency use with simple control 
processing while suppressing a deterioration in sig- 
nal quality due to interference without being easily 
influenced by third-order intermodulation. 

Claims 

1. A channel assignment method for a mobile 
communication system, characterized by com- 
prising the steps of: 

causing each of base stations (1201, 
1202) respectively arranged in a plurality of 
cells (1205, 1206) constituting a service area, 
in response to a speech communication re- 
quest from a mobile station (1203, 1204), to 
select (S103, S104) one of all speech commu- 
nication channels in an order of priority com- 
mon to all the cells; 

causing the base station to check (S105, 
S107) whether a carrier to interference ratio of 
the selected speech communication channel is 
not less than a first level (LV1); and 

assigning (S108) the channel as a speech 
communication channel for the cell when it is 
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determined on the basis of the check result 
that the carrier to interference ratio is not less 
than the first level. 

2. A method according to claim 1, wherein the 
step of causing each of base stations to select 
one of all speech communication channels in- 
cludes the step of sequentially selecting 
(S104) only free speech communication chan- 
nels. 

3. A method according to claim 1 or 2, wherein 
the step of assigning the channel includes the 
step of assigning a speech communication 
channel when both upstream and downstream 
carrier to interference ratios are not less than 
the first level. 

4. A method according to any of claims 1 to 3, 
further comprising the steps of: 

periodically receiving and storing an up- 
stream interference level (Uup(i)) of a speech 
communication channel; 

storing (S100) an upstream carrier level 
(Dup) in response to a speech communication 
request; 

obtaining (S101) a propagation loss (L) by 
subtracting the carrier level from transmission 
power (P M s) of a mobile station; 

obtaining (St 02) a carrier level (Ddown) of 
the mobile station by subtracting the propaga- 
tion loss from transmission power of a base 
station; and 

measuring (S106) a downstream interfer- 
ence level (Udown(i)) of a selected speech 
communication channel. 

5. A method according to any of claims 1 to 4, 
further comprising the steps of: 

monitoring signal quality of a currently 
used speech communication channel; 

checking (S200) whether the monitored 
signal quality is less than a second level (LV2); 

selecting (S204, S205. S211) a free 
speech communication channel of all the 
speech communication channels in accordance 
with the common order of priority when it is 
determined on the basis of the check result 
that the signal quality is less than the second 
level; 

checking (S208) whether a carrier to inter- 
ference ratio of the selected channel is not 
less than a third level (LV3); and 

switching (S209) the currently used 
speech communication channel to the selected 
speech communication channel when it is de- 
termined on the basis of the check result that 
the carrier to interference ratio is not less than 



the third level. 

6. A method according to claim 5, wherein if a 
loss probability within a predetermined period 

5 of time is less than a specific value, the first 

and third levels are increased (S302, S303), 
and if the loss probability is not less than the 
specific value, the first and third levels are 
decreased (S304, S305). 

w 

7. A method according to claim 5 or 6, wherein if 
a channel switching count within a predeter- 
mined period of time is not less than a specific 
value, the first and third levels are increased 

75 (S402, S403). 

8. A method according to any of claims 5 to 7, 
wherein a number of times (M) that the signal 
quality of the currently used speech commu- 

20 nication channel becomes less than the sec- 

ond level and any other free channel having a 
carrier to interference ratio of not less than the 
third level is not found within a predetermined 
period of time is measured (S500), so that if 

25 the number of times is not less than a specific 

value, a difference between the first and third 
levels is increased (S502, S503), and if the 
number of times is less than the specific value, 
the difference between the first and third levels 

30 is decreased (S504, S505). 

9. A method according to any of claims 5 to 8, 
wherein a number of times (K) that the signal 
quality of the currently used speech commu- 

35 nication channel becomes less than a mini- 

mum allowable level within a predetermined 
period of time is measured, so that if the 
number of times is not less than a specific 
value, the second level is increased (S602), 

40 and if the number of times is less than the 

specific value, the second level is decreased 
(S603). 

10. A method according to any of claims 5 to 9, 
45 wherein if a carrier to interference ratio of an 

arbitrary currently used speech communication 
channel is not less than a fourth level (LV4) 
(S706, S708) and at least one free channel 
having a priority higher than that of the cur- 

50 rently used speech communication channel ex- 

ists (S705, S711), the currently used speech 
communication channel is switched (S704, 
S709, S710) to one of the free speech commu- 
nication channels which has the highest prior- 

55 ity. 

11. A method according to claim 10, wherein up- 
stream carrier reception levels of all currently 
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used speech communication channels are 
measured at an arbitrary timing (S800), and an 
order of selection of the currently used speech 
communication channels is specified by select- 
ing (S802) the currently used speech commu- 
nication channels in an order to decrease the 
reception levels. 

12. A method according to claim 10 or 11, wherein 
an order of selection of the currently used 
speech communication channels is specified 
by selecting (S901, S902) the currently used 
speech communication channels in an order of 
priority at an arbitrary timing. 

13. A method according to any of claims 10 to 12, 
wherein if a loss probability (Pb) within a pre- 
determined period of time is less than a spe- 
cific value, the fourth level is increased 
(Si OOP), and if the loss probability is not less 
than the specific value, the fourth level is de- 
croased (Si 003). 

14. A method according to any of claims 10 to 13, 
wherein if a channel switching count (N) within 
a predetermined period of time is not less than 
a specific value, the fourth level is increased 
(S1102). 

15. A method according to any of claims 1 to 14, 
wherein each of the plurality of cells selects 
first the same speech communication channel 
which is arbitrarily set, and sequentially selects 
speech communication channels in an order to 
increase a difference in carrier frequency from 
the speech communication channel selected 
first. 

16. A method according to claim 15, wherein the 
same speech communication which is arbitrar- 
ily set and selected first is a speech commu- 
nication channel having the highest carrier fre- 
quency. 

17. A method according to claim 15, wherein the 
same speech communication which is arbitrar- 
ily set and selected first is a speech commu- 
nicati on channel having the lowest carrier fre- 
quency. 

18. A method according to any of claims 15 to 17, 
wherein each of the plurality of cells sequen- 
tially selects speech communication channels 
in an orJer to decrease a difference In carrier 
frequency from a central value of carrier fre- 
quencies of all the speech communication 
channels. 
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19. A channel assignment method for a mobile 
communication system, characterized by com- 
prising the steps of: 

classifying a plurality of speech commu- 
5 nication channels, assigned to perform radio 

communication between base stations respec- 
tively arranged in a plurality of cells constitut- 
ing a service area and mobile stations in the 
cells, into first and second groups; 
10 classifying speech communication chan- 

nels of the second group into a plurality of 
subgroups; 

allowing each of the base stations to use 
speech communication channels belonging to 
f5 the first group and speech communication 

channels belonging to one of the subgroup in 
the second group; and 

causing each of the base stations to as- 
sign one of the speech communication chan- 
20 nels belonging to the first group and one of the 

subgroups in the second group, which are al- 
lowed to be used, to a corresponding one of 
the mobile stations. 

25 20. A method according to claim 19, wherein the 
base station selects (S1401) one of the first 
group and one subgroup of the second group, 
which are allowed to be used, in accordance 
with a type of the mobile station, and assigning 

30 (S1402, S1403) one of the speech communica- 

tion channels belonging to the selected group. 

21. A method according to claim 19 or 20, wherein 
the base station selects (S1503, S1504) one of 

35 the first group and one subgroup of the second 

group, which are allowed to be used, in accor- 
dance with an amount of change in propaga- 
tion loss (LI, L2) between the base station and 
the mobile station, and assigning (S1502, 

40 S1504, S1506) one of the speech communica- 

tion channels belonging to the selected group. 

22. A method according to any of claims 19 to 21, 
wherein the base station selects (S1602, 

45 S1604) one of the first group and the subg- 

roup, which are allowed to be used, in accor- 
dance with a traveling speed (v) of the mobile 
station, and assigning (S1601, S1603, $1604) 
one of the speech communication channels 

so belonging to the selected group. 

23. A method according to any of claims 19 to 22, 
wherein a speech communication channel to 
be assigned in response to a speech commu- 

55 nication request is selected (S1700) from the 

speech communication channels belonging to 
one subgroup of the second group. 
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24. A method according to any of claims 19 to 23, 
wherein channel switching is performed 
(Si 80 1. SI 804) between speech communica- 
liun channels belonging to the first group and 
speech communication channels belonging to 
one subgroup of the second group in accor- 
dance with a use rate (u) of the speech com- 
munication channels belonging to the second 
group 

25. A channel assignment method for a mobile 
communication system in which a service area 
is constituted by a plurality of cells respec- 
tively hovirg base stations arranged therein, 
and radio smooch communication channels are 
set between the base station and mobile sta- 
tions m each co l to perform communication, 
characte'ued by comprising the steps of: 

sequentially selecting (S103, S104, S110) 
free speech communication channels from all 
speech communication channels, in response 
to speerh communication requests, in an order 
of priority common to all the cells; 

checking <S105. S107) whether a carrier to 
interference ratio of the selected speech com- 
munication channel is not less than a first level 
(LV1); 

assigning (St 08) the speech communica- 
tion channel »1 it -s determined on the basis of 
the check result that the carrier to interference 
ratio is not less than the first level; 

monitoring signal quality of a currently 
used speecn communication channel; 

checking <S200> whether the monitored 
signal quality is less than a second level (LV2); 

selecting (S204. S205. S211) a free 
speech comrrun cation channel from all the 
speech communication channels in the com- 
mon order of priority if it is determined on the 
basis of the ence* result that the signal quality 
is less than the second level; 

checking <S?08> whether a carrier to inter- 
ference ratio of tno selected speech commu- 
nication channel is not less than a third level 
(LV3). and 

switching (?09) the currently used speech 
communicator cnarmei to the selected speech 
communication channel it it is determined on 
the basis ot the check result that the carrier to 
interference ratio is not less than the third 
level. 
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45 



quency intervals in response to speech com- 
munication requests from mobile stations, and 
assigning a selected speech communication 
channel if a carrier to interference ratio of the 
speech communication channel is not less 
than a predetermined value, characterized by 
comprising the steps of: 

selecting first the same speech commu- 
nication channel which is arbitrarily set by the 
plurality of cells; and 

sequentially selecting speech communica- 
tion channels in an order to decrease a dif- 
ference in carrier frequency from a carrier fre- 
quency of the selected speech communication 
channel. 

27. Mobile communication system adapted for car- 
rying out the channel assignment method ac- 
cording to any of claims 1 to 26. 



50 



26. A channel assignment method for a mobile 
communication system in which each of base 
stations fL.-i4-«-*-tiwiy arranged in a plurality of 55 
cells bequctfiiiaMy **;ka.ts speech communica- 
tion channels from a plurality of speech com- 
munication channels having equal carrier fre- 
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